1965. -Thirty male and twenty-six female Caucasians were tested at work levels of I .o liters 02 consumption in go F wet-bulb temperature, 93 F dry-bulb temperature, and 80 ft/min air velocity for comparative heat reactions in the unacclimatized state. The females had more severe physiological and psychological reactions. Rectal temperatures of 104 F and heart rates of 180 beat/min were reached more rapidly than in the male. The females sweated less and their oxygen consumptions were lower than those of the males. Ten males and four females were then acclimatized to the same extent at the same work rate in 93 F wet-bulb temperature. At the end of the period their reactions were closely similar, although the females responded slower to the acclimatization procedure. Both groups ended with heart rates of 140 beat/min and rectal temperatures of 102 F. The females, however, continued to sweat less. In a retest at go F wet-bulb temperature, both groups had heart rates of I expected to follow the male into these regions and to work and live under stressful conditions.
The only study we are aware of on the heat reactions of females during acclimatization was reported by Hertig and Sargent (2) to the Leiden Temperature Regulation Symposium at the end of I 962. It is an outstanding contribution to knowledge in this field. It has, however, two limitations.
One is that the degree of heat stress used was rather mild and does not test fully the ability of the female to adapt to heat. The other is that no parallel study has been done on males under the same stress conditions.
No comparison can be made with the reactions of the male and, therefore, it is not yet known whether the extensive data on the male is applicable to the female.
Differences between males and females in reaction to heat might be expected. They differ in certain anthropometric characteristics which might influence heat transfer, such as surface areas, height/weight ratios, and skinfold thickness; they differ also in endocrine constitution and in the distribution and number of sweat glands in different areas (3) .
Because Approximately 3 min before the end of each hour heart rates were recorded while stepping, after which the subjects stopped work for the recording of rectal temperatures and body weights.
Male subjects wore shorts and female subjects, bikinitype clothing; both groups dispensed with these when they wished.
Subjects were withdrawn from the climatic tent when their rectal temperatures exceeded 104 F or when they collapsed or were unable to continue because of giddiness, exhaustion, or distress due to headache or abdominal pains.
The standard heat stress condition was the same for both male and female subjects. To ensure a continuous work rate of 1,560 ft lb/ min, subjects stepped on and off an adjustable step at a rate of 12 step/min, controlled by a metronome.
To attain a uniform work rate the height of the step was set in relation to the body weight of the individual, producing an OZ consumption of approximately I liter/min. The environmental temperature was set at go F WB and g3 F DB, with a wind velocity of 50-80 ft/min.
After the test condition the ten males who volunteered to undergo acclimatization continued at the same work rate and work period in an environmental temperature of g3 F WB and 95-96 F DB for I I days. The females worked a further 4 days at the same work rate and environmental temperatures of go F WB and g3 F DB, after which they completed another 5 days at g3 F WB and g6 F DB.
Finally The heart rates and rectal temperatures of the females rose to very high levels much more rapidly than the males. This is shown in Table 2 where the average rectal temperatures and heart rates of the subjects are given at the time they were withdrawn from the experiment. After I hr of work at g3 F dry-bulb and go F wet-bulb temperatures, one male and one female collapsed with relatively low rectal temperatures, i.e., IOI .4 F in the male and 102.4 F in the female. By the end of the 2nd hr a total of 5 males and I I females had withdrawn from the experiment.
After 3 hr a total of 15 males and 23 females had ceased work. The levels of rectal temperature and of heart rate at which the subjects were withdrawn was not noticeably different in the two sexes, i.e., heart rates were in excess of I 70 beat/min and rectal temperatures between 103.5 and 104 F. The proportion was the same in the two sexes of cases being withdrawn either because they collapsed or reached a rectal temperature close to 104 F, roughly 50 % in each category. There was a difference in the two sexes in their psychological reactions to heat. Some of the females showed marked aggressiveness and irritability; other females broke down and wept. Only the former reaction was seen in the males. The Bantu by contrast were stoical. The proportion of noticeable psychological reactions to heat of the type described was greater in the females than the males, but the females reached very high levels of heart rate and rectal temperatures more rapidly than the males did. No attempt was made to see whether the length of time that the subjects endured very markedly elevated heart rates and rectal temperatures before they showed psychological manifestations was different in the two sexes.
Reactions to heat. The number of subjects withdrawn from the experiment because of collapse or hyperpyrexia to a level approaching 104 F was such that valid comparisons of male and female reactions could be made only in the first 3 hr of the study.
The average heart rates and rectal temperatures of the females were sig in the 3 hr, The hourly sweat rates of the males were significantly higher than those of females, Fig. 3 The females sweated considerably less than the males in the 1st hour of exposure but the differences decreased with time. The marked difference in the 1st hr appears to be due to the fact that some females begin to sweat very slowly. For example, one female did not sweat at 
all in the 1st hr, her skin was perfectly dry; but in the 2nd hr she sweated 400 ml total. The correlation between the rate of sweating and the level of rectal temperatures at the end of the 1st hr was, however, positive. The correlation coefficient, 0.63, is significant at 5 % level.
Acclimatization
The average oxygen consumption of the males was I .027 liters/min and of the females 0.904 literlmin. The heat productions were therefore 297 kcal/hr for males and 261 kcal/hr for females. The mean heat production per square meter of the two sexes is 159.6 and 156.6 kcal/hr, respectively. The difference is not significant.
All IO of the male Caucasians were successfully acclimatized.
In the first 3-4 days of work at g6 F dry-bulb and g3 F wet-bulb temperatures some of the men showed marked disturbances of their psychological and physiological states. Only 3 of the IO men completed a 4-hr period of work in the first 3-4 days. Rectal temperatures of 103. 5 F and above and heart rates of I 70 beat/min occurred in most of the subjects. Some males showed disturbances of their normal psyches such as aggressiveness and marked irritability, and a loss of their usual 
Acclima tised State
Resting values. Resting values of rectal temperature and heart rate for both sexes were lower after acclimatization. The average rectal temperature of the females was gg. I I?, a fall of 0.6 F from the preacclimatization level, and 98.5 F for the males, a decrease of 0.8 F. Heart rates decreased in both sexes; that in the males fell by 24 beat/min to a mean of 65 beat/min, Fig. I, 2 , and 4. Performances in heat. The effect of the acclimatization process is even more dramatic in the female than the male. None of the females were able to continue after 2 hr of work on the 1st day at g3 F dry-bulb and go F wet-bulb temperatures, and most had rectal temperatures of close to 104 F and heart rates of I 80-1 go beat/ min. After acclimatization, four females completed the 4 hr in the same conditions with ease and had rectal temperatures of I OI F and heart rates of I 40 beat/min. Reactions to heat. EXPOSURE TO 93 F DRY-BULB AND go F WET-BULB TEMPERATURE.
In this standard heat stress condition, the final rectal temperature of both sexes in the acclimatized state was IOI .O F, Fig. I, 2, and 4. In the first 3 hr of the experiment, the average rectal temperature of the females was slightly higher, but not significantly so. This represents a fall in rectal temperature in the 2nd and 3rd hr of the experiment for both sexes of between 2.5 and 3.0 F from the values in the unacclimatized state. The average sweat rate of the males for the 4-hr experiment was 1,945 ml/m2 per hr, which is significantly greater than that of the female, I, 166 ml/m2 per hr.
The increase in sweat rate per hour due to acclimatization of the two sexes is compared in Table 3 . The effect of acclimatization on the sweat rates per square meter of the two sexes is illustrated further in Table 4 .
Whereas the differences between male and female in the rate of sweating decreased during the course of exposure in the unacclimatized state, the reverse is true after acclimatization, Table  4 . The more rapid fall off in sweat rate of the female in the acclimatized state does not, however, appear to influence adversely the steady level of rectal temperature compared with that of the male; both are I OI .o F at the end of 4 hr.
The average oxygen consumption of the IO males was I .050 liter/min in the preacclimatized state and fell to 0.971 after acclimatization.
The decrease is significant at the 95% level. The average for four of the females was 0.954 liter/min before acclimatization; only two of these four were measured after acclimatization and they showed a mean decrease of 0.014 liter/min. A comparison of the reactions of the two sexes at this air condition on their last day of acclimatization allows one to estimate the responses of the males and females in the acclimatized state under even more severe heat stress.
Rectal temperatures of both males and females were 102.0
F at the end of the 4th hr of work. The rectal temperatures of the females were slightly higher in the first 3 hr. Heart rates of the females were 145 beat/min compared with 140 beat/min in the males. As with the rectal temperature reaction, the heart rates of females were higher in the first 3 hr of exposure.
The sweat rates per square meter of both sexes were increased by the following amount per hour compared with the standard heat stress condition: The average increase in rate of sweating per hour per square meter of the males, 36 ml, is greater than that of the females, 24 ml, but is not significantly so.
DISCUSSION
The results of the present study demonstrate the fact that although the females, in the unacclimatized state, suffer a greater amount of physiological and psychological disturbance when first exposed to heat than the males, they are able to achieve as high a degree of acclimatization as males after 2 weeks of acclimatization. However, in doing so, the females during the first 3 to 4 days of acclimatization have to overcome a severe disability in the fact that heart beats and rectal temperatures rise to very high levels more rapidly than they do in the males. In association with the greater degree of physiological stresses, the females show more severe psychological disturbances than do the males. These results confirm those of Hertig and Sargent (2) .
They also extend them in that Hertig and Sargent's acclimatization conditions were milder than those used in our present study. The air condition used in Pittsburgh was equivalent to a corrected effective temperature (CET) of 84 F and the Illinois condition was go F CET.
Hence it was not possible to say whether the female would adapt to more severe stress, nor was it possible to compare the ability of the female to acclimatize with that of the male. The present acclimatization was done at about g3 F GET and tests, therefore, the ability of the female to acclimatize to severe heat stress. The air conditions of the 2nd week were exactly the same as those in which males were acclimatized, and thus the abilities of males and females to acclimatize to heat can be compared.
These studies bring out the fact that under both moderate and severe heat stress, the acclimatized female has a similar rectal temperature reaction to the male, but the heart rate is slightly higher and the sweat rate per square meter is very much less than the male's.
It might be argued that the more severe reactions of the fernales to heat in the first few days of exposure is due, in part, to their lack of training for such physical effort. This might be the case, but the suggestion is unlikely.
Five of the ten men who were acclimatized played active sports and their reactions to heat were no different from those who were quite sedentary.
Furthermore, the one athletic woman, a gymnast, did not complete the acclimatization procedure.
Her physiological responses were no better than the others and she became very aggressive in the climatic tent. Each day after 1-2 hr she fought her way out of the climatic tent, and after a few days she refused to go on. In this regard the female has a significantly lower oxygen intake at the standard 1,560 ft lb/ min of work. The difference, although significant, is rather small, being o. 123 liter/min.
The fact that women are more mechanically efficient on walking and climbing tasks has been remarked upon previously (I). It is interesting that the Bantu male also has a lower oxygen consumption than the male at the standard 1,560 ft lb/min task, being 0.93 compared with 1.03 liter/min of the Caucasian male. The female Caucasian and the male Bantu have similar anthropological measurements (4). The reason for the low oxygen consumption of lighter and smaller individuals might be related to some mechanical advantage in the use of the lower extremities in these activities. The female Caucasian has a slight advantage over the male in heat production, but when these values are expressed per square meter they are very similar in the two sexes. Possibly the most surprising fact that emerges from this study is the lack of relationship between sweat rates and levels of rectal temperatures in the two sexes. In the unacclimatized state the females sweat much less than males in the 1st hr and, associated with this difference, rectal temperatures and heart rates of the fe-WYNDHAM, MORRISON, AND WILLIAMS males rise much more rapidly than the males. However, in the 2nd and 3rd hr the discrepancy between female and male sweat rates decreases, but the females continue to show the more rapid rise in rectal temperature. What appears to be paradoxical is that after acclimatization the differences between female and male sweat rates are even greater than before acclimatization, but now the rectal temperatures of the females are closely similar to those of the males. Moreover, the sweat rates of the acclimatized females now fall off much more rapidly with time than the males, so that the differences between the two sexes in sweat rate actuallv increase from the 1st to the 4th hr. In spite of this observation, the rectal temperatures of the females are identical to those of the males at the end of the 4th hour. It would appear from this difference between
